The infra-red spectra of a number of halide, acetate and thiocyanate quinoline and quinolinium complexes of copper have been recorded for the first time. The significance of the frequency shifts of the quinoline bands in the complexes and the influence of the electronegativity of the halide ion on the frequency shifts in the monoquinoline cuprous halide complexes are discussed. Evidence is presented that the Cu(NCS)2 -2 Q complex is probably binuclear.
The infra-red spectrum of pure quinoline (quinoline hereafter denoted by Q) has been frequently studied and tentative assignments were given for most of the observed bands [1] [2] [3] . In contrast to the extensively studied pyridine complexes, the infra-red spectra of the quinoline complexes with metal salts have received no attention at all.
A number of quinoline and quinolinium complexes with copper (I) and copper (II) halides, thiocyanate, acetate and nitrate have been synthesized. The infra-red spectra of the complexes were recorded in the range 4000 to 637 cm -1 . Small systematic changes in the positions of the main quinoline bands of the complexes were detected and correlated with the corresponding bands of pure quinoline liquid and with the electronegativity of the halide ion in the complex. Unfortunately the range of the spectrometer was unsufficient to detect the Me-Q stretching vibration which occurs below 600 cm -1 . The infrared spectra of the thiocyanate quinoline complexes of Cu (II) and Cu (I) show that they are probably binuclear and mononuclear respectively. (a). The spectra of the various complexes resemble each other and that of quinoline very closely. Apart from some minor relative intensity changes, the only difference between the spectrum of pure quinoline and that of quinoline in the complexes is some small systematic frequency shifts. The positive frequency shifts of the characteristic quinoline bands at 1565, 1035, 1014, and 940 cm -1 , which are often accompanied by a reduction in relative intensity in the complexes, are given in Table 2 . Table 2 . Characteristic positive frequency shifts in cm -1 of some bands of quinoline on co-ordination.
The 1565 cm -1 band is a member of a triad of strong and well defined absorption bands around 1600 cm -1 (C -C and C -N stretching region in quinoline). The shift in the vibrational frequency of this band illustrates the perturbing effect of the coordinating metal ion (through the N of the quinoline) on these vibrations. There is a small amount of electronic transfer from the ring as required by the donor-acceptor nature of the bond. This causes the deviations in the C -N absorption frequencies.
(b). For the halide complexes there exists a definite trend in the extent of the shifts of some bands and the electronegativity of the halide 4 ' 5 . The stronger a charge transfer force acts (greater inductive effect) between an electron donor and acceptor, the more the C -N stretching and ring deformation vibrations for quinoline will be shifted to higher frequencies. The same effect is observed for the monoquinoline complexes of the cuprous halides as shown in Table 3 . For the quinoline-rich cuprous halide complexes the inductive effect of the halogen on the quinoline vibrations will be greatly reduced as illustrated by the absorption frequencies of Cul 3 Q also given in 
Anion-ligand vibrations (a) Thiocyanate group
Infra-red spectra provide a method for distinguishing between differently bound thiocyanate groups in complexes [6] [7] [8] . A shift toward higher frequencies in the C -N and C -S stretching modes (which occur at ca. 2000 cm -1 and 750 cm -1 respectively in the "free" thiocyanate ion) indicates an increase in bond order of the respective links. The extent of the frequency shift will depend on the donor-acceptor nature of the bond and therefore on the number and nature of the surrounding atoms. The effect of the relative number of electrons contained in the d-orbitals of the central metal ion is illustrated by the complexes examined by FUJITA et al. 9 in which the electron-rich Co (III)-complexes exhibit higher C -N stretching frequencies than the corresponding Cr (III)-complexes. Co-ordination to Cu(II) containing nine d-electrons results in an even higher triple-bond character of the C -N bond, and it would be expected that a thiocyanate group coordinated to more than one copper ion will exhibit a still higher stretching frequency. Thus SCN bound as bridging groups and terminally or ionically bound groups can be readily distinguished since the former would exhibit higher stretching frequencies. Table 4 , Cu(NCS) -2Q contains only one type of thiocyanate group, whilst the Cu (II)-complex in which the C -N vibration is doubled, is composed of two differently bound groups. The possibility of the splitting of the C -N vibration being due to a doubly degenerate bending mode is ruled out, since it would involve a much smaller difference in the observed frequencies. The C -N stretching frequencies of the thiocyanate group in the two complexes are higher than that of the "free" thiocyanate ion, indicating a higher Table 4 . Influence of complex formation on the C-N stretching vibrations of the thiocyanate group.
As indicated in
triple-bond character and thus also a shorter bond length.
When compared with the results of CHATT and DUNCANSON 6 , the vibrational frequencies at 2100 cm -1 and 2080 cm -1 in the Cu(I) and Cu(II) complexes respectively can be attributed to thiocyanate groups outside the co-ordination sphere, whilst the 2130 cm -1 band in the Cu (II) complex can be correlated with a bridging NCS group linked to two Cu atoms, viz. -Cu -S -C = N->Cu -, implying the Cu (NCS) 2-2Q complex to be binuclear. The Cu(I) thiocyanate complex seems to be mononuclear with the NCS ion outside the co-ordination sphere.
(b) Acetate
The acetate ion functions as a unidentate ligand in compounds like nickel dihydrate, but as a bidentate bridge in cupric acetate monohydrate 10 in w T hich the ion is linked to two copper atoms. The bond orders of the two types of C -O bonds become different in the complexes thus causing an even greater separation of the asymmetric and symmetric C -O stretching frequencies than exists in the free acetate ion at ca. 1578 and ca. 1425 cm -1 respectively. ABLOV et al 11 have shown by means of electronparamagnetic resonance that the green monoquinoline complex with cupric acetate displays a triplet state similar to that found in the monohydrate of cupric acetate so that the former complex is also a dimer with structure
In this investigation it has been found that few or no shifts occur in the positions of the asymmetric and symmetric C -O stretching bonds in passing from the salt to the complex so that the difference in absorption frequencies, ca. 200 cm -1 (see Table 5 ), which is well above the difference for the symmetric and asymmetric stretching modes, ca. 150 cm -1 for the free acetate ion, nearly remains constant. The acetate is thus probably similarly bound in the salt and the complex. Table5. The C -O stretching vibrational bands of the acetate group in cm -1 .
The quinolinium complexes
There exists a sharp difference between the spectra of the free quinoline molecule, the co-ordinated quinoline and of the quinolinium ion in the complexes. The presence of an extra hydrogen atom on the nitrogen increases the number of vibrational modes. An intense and widely spread band with several absorption maxima, due to the symmetrical N -H stretching vibrations occurs between 3200 and 2700 cm -1 (see Fig. 1 ). In quinoline this is limited to a triplet of major bands at 3047, 3028, and 2996 cm" 1 .
The spectra of CuCl2• 2 Q• 2 HCl and CuBr2-2Q •2HBr are identical implying that both structures can be written (HQ ) 2' CuX4 2-. The shifts in some principal absorptions of quinoline in these complexes in which the quinolinium ion exists, are given in Table 6 The strong bands at 1463, 785, and 736 cm -1 for quinoline are absent or show greatly reduced intensity, while the intensity of the 1221 and 1238 cm -1 bands are increased in the spectra of the quinolinium complexes. 10 Table 7 . Absorption frequencies of the quinolinium complexes.
The frequencies of all the absorption bands of the two quinolinium complexes are given in Table 7 .
Experimental
The spectra of the complexes were recorded as crystalline solids in KBr discs with a Perkin Elmer Model 221 spectrophotometer with sodium-chloride and grating-interchange optics, and the spectrum of quinoline as the pure liquid at room temperature. The spectra of the complexes were obtained in vaseline mulls as well, but no solid state anomalies, i. e. ion-exchange or pressure-shifting of the bands in the pellet spectra were found.
The complexes were prepared from Analytical Reagent-grade copper salts and chemically pure quinoline. The quinoline was twice distilled and the fraction boiling at 232 °C was collected. was dissolved in an excess of quinoline at 100 °C. A precipitate consisting of light-green crystals formed on cooling and was washed with CC14 .
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